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IN-VEHICLE LOCALIZATION OF A COMPUTING DEVICE

ABSTRACT
An in-vehicle system may use speakers and microphones to determine the location of a
computing device within a vehicle (e.g., an automobile, a motorcycle, a bus, a recreational
vehicle (RV), a semi-trailer truck, a tractor or other type of farm equipment, train, a plane, a
boat, a helicopter, a personal transport vehicle, etc.). For example, a vehicle head unit and the
computing device may determine the location of the computing device within the vehicle by
performing multilateration (e.g., triangulation) based on round trip times (RTT) of ultrasonic
pings emitted by various speakers in the vehicle. Based on the location of the computing device
within the vehicle, the computing device may automatically present a shortcut icon to one or
more applications installed on the computing device (e.g., a mapping or navigation application, a
music application, a telephony application, a messaging application, a device configuration
application, etc.), automatically execute one of the applications, and/or automatically perform a
task (e.g., start playing music or a podcast, send a message to a particular recipient, initiate a
phone call, change to operating in an in-vehicle mode, set an automatic response message to
incoming communications, silence audio outputs of the computing device, etc.).

DESCRIPTION
The present disclosure describes an in-vehicle system using speakers and microphones to
determine the location of a computing device within a vehicle (e.g., an automobile, a motorcycle,
a bus, a recreational vehicle (RV), a semi-trailer truck, a tractor or other type of farm equipment,
train, a plane, a boat, a helicopter, a personal transport vehicle, etc.). Based on the location of the
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computing device within the vehicle, the computing device may automatically execute one or
more applications, present a shortcut icon to one or more applications, or perform a task.

FIG. 1 is a conceptual diagram illustrating a vehicle 100 that includes vehicle head unit
110, speakers 112A-112D (collectively, “speakers 112”) and microphones 114A-114D
(collectively, “microphones 114”). As shown in FIG. 1, computing device 102 is located within
vehicle 100 and includes speaker 104 and microphone 106. While four speakers 112 and four
microphones 114 are shown in FIG. 1, four speakers and four microphones are not required to
implement the techniques of this disclosure. Instead, for example, three or five speakers 112 and
one or five microphones 114 may be used to implement these techniques.
In the example of FIG. 1, computing device 102 is a smartphone. However, other
examples of computing device 102 may be a cellular phone, a smartphone, a personal digital
assistant (PDA), a laptop computer, a tablet computer, a portable gaming device, a portable
media player, an e-book reader, a watch (including a so-called smartwatch), an add-on device
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(such as a casting device), smart glasses, a gaming controller, or another type of portable or
mobile device.
Vehicle head unit 110 may represent an integrated head unit that presents an interface
(e.g., a graphical user interface – GUI) by which to control the vehicle systems, such as an audio
system, a heating, ventilation, and air conditioning (HVAC) system, a lighting system (for
controlling interior and/or exterior lights), an infotainment system, a seating system (for
controlling a position of a driver and/or passenger seat), and/or the like. The interface may be
presented via a console (e.g., an in-vehicle display). Vehicle head unit 110 may be included in a
motorcycle, a bus, a recreational vehicle (RV), a semi-trailer truck, a tractor or other type of farm
equipment, a train, a plane, a drone, a helicopter, a personal transport vehicle, or any other type
of vehicle capable of emitting ultrasonic pings in accordance with one or more of the techniques
described herein.
In accordance with techniques of this disclosure, vehicle head unit 110 and computing
device 102 may determine the location of computing device 102 within vehicle 100. In order to
determine the location of computing device 102 within vehicle 100, vehicle head unit 110 and
computing device 102 may establish a wired or wireless connection (e.g., using Bluetooth®,
WiFi®, Universal Serial Bus (USB), etc.) between vehicle head unit 110 and computing device
102. Using the connection, vehicle head unit 110 and computing device 102 may synchronize a
clock of vehicle head unit 110 and a clock of computing device 102. Such time synchronization
may occur while vehicle head unit 110 and computing device 102 are establishing the
connection, at periodic intervals, on demand, and/or the like.
Vehicle head unit 110 may control an audio system of vehicle 100 to cause speakers 112
to emit (e.g., concurrently, consecutively, etc.) ultrasonic pings, thereby creating an active sonar
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framework (e.g., a pre-determined detection area within vehicle 100) for determining the
location of computing device 102 within vehicle 100. Speakers 112 may emit the ultrasonic
pings using frequency modulation, frequency hopping techniques, and/or the like. For example,
speakers 112 may emit linearly frequency-modulated (LFM) ultrasonic pings. Speakers 112 may
be speakers built into vehicle 100 or other speakers (e.g., portable speakers).
Vehicle head unit 110 may cause each speaker 112 to output an ultrasonic ping at a
different frequency or within different frequency bands, which may enable computing device
102 to determine from which speaker each ultrasonic ping originated. For example, the
ultrasonic pings may be frequency-orthogonal so that the ultrasonic pings emitted by each of
speakers 112 occupies a different ultrasonic frequency band.
Microphone 106 may receive (e.g., record, detect, etc.) the ultrasonic pings emitted by
speakers 112. In some examples, microphone 106 may continuously monitor the acoustic
environment of vehicle 100 for the ultrasonic pings. In other examples, computing device 102
may coordinate the timing of the ultrasonic pings with vehicle head unit 110 and monitor the
acoustic environment of vehicle 100 for the ultrasonic pings.
Responsive to receiving the ultrasonic pings emitted by speakers 112, computing device
102 may either determine the time of flight for the ultrasonic pings without requiring speaker
104 to emit a response ultrasonic ping or cause speaker 104 to emit a response ultrasonic ping
(e.g., without determining the time of flight for the ultrasonic pings emitted by speakers 112).
In examples where computing device 102 determines the time of flights for the ultrasonic
pings emitted by speakers 112 without requiring speaker 104 to emit a response ultrasonic ping,
computing device 102 may determine the time of flight for the ultrasonic pings from each of
speakers 112 based on the time at which the speakers 112 emitted the ultrasonic pings (e.g.,
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using the clocks of vehicle head unit 110 and computing device 102) and the times at which the
ultrasonic pings from speakers 112 were detected by microphone 106. The time of flight for the
ultrasonic ping from each of speakers may be determined by subtracting the time at which the
particular ultrasonic ping was output by the corresponding one of speakers 112 from the time at
which the particular ultrasonic ping was received by microphone 106. Computing device 102
may determine the distance between each speaker 112 and microphone 106 by multiplying the
time of flight for the particular ultrasonic ping by the speed of sound.
In examples where speaker 104 emits a response ultrasonic ping, vehicle head unit 112
may determine the time of flight for the ultrasonic pings emitted by speakers 112 and the
ultrasonic ping emitted by speaker 104 based on the round trip time (RTT). In such examples,
speaker 104 may emit ultrasonic pings in response to microphone 106 receiving the ultrasonic
pings emitted by speakers 112. Because various types of computing devices may delay the
emission of ultrasonic pings by varying amounts of time (e.g., due to difference in processing
speed), computing device 102 may delay emitting (e.g., via speaker 104) ultrasonic pings by a
pre-determined amount of time. For example, responsive to microphone 106 receiving the
ultrasonic pings emitted by speakers 112, computing device 102 may delay emitting ultrasonic
pings by 500 milliseconds (ms).
Responsive to microphones 114 (e.g., at or near each of speakers 112) receiving the
ultrasonic pings emitted by speaker 104, vehicle head unit 110 may determine the RTTs of the
ultrasonic pings emitted by various speakers within the vehicle. RTTs may be equal to the
amount of time between speakers 112 emitting ultrasonic pings (e.g., received by microphone
106) and microphones 114 receiving ultrasonic pings (e.g., emitted by speaker 104). Thus, RTTs
may be calculated using the following equation:
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where t1 represents the amount of time between speakers 112 emitting a first series (e.g.,
including one or more ultrasonic pings) of ultrasonic pings and microphone 106 receiving the
first series of ultrasonic pings, t2 represents the amount of time between speaker 104 emitting a
second series (e.g., including one or more ultrasonic pings) of ultrasonic pings and microphones
114 receiving the second series of ultrasonic pings, and td represents the amount of delay (e.g.,
caused by computing device 100) between microphone 106 receiving the first series of ultrasonic
pings and speaker 104 emitting the second series of ultrasonic pings. Vehicle head unit 110 may
determine time of flight for the ultrasonic pings emitted by each of speakers 112 by subtracting
the delay time from the RTT and then dividing the resulting amount of time by two. After
determining the time of flights for the ultrasonic pings emitted by each of speakers 112, vehicle
head unit 110 may determine the distance between each of speakers 112 and computing device
102 by multiplying the determined time of flights by the speed of sound.
Regardless which way the time of flights and distances are determined, vehicle head unit
110 and/or computing device 102 may perform a multilateration process to determine the
coordinates of computing device 102 in the active sonar framework. For example, if the
coordinates of speakers 112 are fixed in vehicle 100 and are known, then each of speakers 112
may have a hyperbolic curve (e.g., an arc with one of speakers 112 as the center of the arc) upon
which microphone 106, and therefore computing device 102, may lie for a particular distance.
Thus, speakers 112 may have multiple hyperbolic curves that intersect each other at various
points inside vehicle 100, defining an area in which computing device 102, may be located.
To address noise (e.g., due to analog to digital conversation (ADC) of the microphone of
computing device 102, speaker non-linearities, etc.) in the determined time of flights and
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distances, vehicle head unit 110 and/or computing device 102 may apply a maximum-likelihood
estimation (MLE) approach to the multilateration process. The MLE approach may include the
following operation and equation:
(1)
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where vk represents the coordinates of speakers 112 in the active sonar framework, c
represents the speed of sound, tk represents the estimated time delay, and σ represents the
standard deviation of the time-of-flight values. In this way, computing device 102 and/or vehicle
head unit 110 may solve an optimization problem that maximizes the likelihood function over
the coordinate parameters for the given time of flight and distance data to determine the
estimated location of computing device 102 within vehicle 110.
Responsive to vehicle head unit 110 and/or computing device 102 determining the
location of computing device 102 within vehicle 100, computing device 102 may automatically
present a shortcut icon to one or more applications installed on computing device 102 (e.g., a
mapping or navigation application, a music application, a telephony application, a messaging
application, a device configuration application, etc.), automatically execute one of the
applications, and/or automatically perform a task (e.g., start playing music or a podcast, send a
message to a particular recipient, initiate a phone call, change to operating in an in-vehicle mode,
set an automatic response message to incoming communications, silence audio outputs of the
computing device, etc.).
For example, if vehicle head unit 110 and/or computing device 102 determine that
computing device 102 is located on the dashboard of vehicle 100, computing device 102 may
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automatically present a shortcut icon to one or more applications installed on computing device
102 to a mapping or navigation application. In another example, if vehicle head unit 110 and/or
computing device 102 determine that computing device 102 is located on the center console of
vehicle 100, computing device 102 may automatically start playing music or a podcast.
One or more advantages of the techniques described in this disclosure include using
ultrasonic pings that are outside the upper limit of the audible range for humans to locate the
computing device within the vehicle. As such, the ultrasonic pings emitted by the speakers
should be inaudible to occupants of the vehicle. Further, the techniques may be implemented
using speakers and microphones built into the vehicle and thus do not hardware redesign by the
original equipment manufacturer. For example, the techniques may be implemented by updating
the software of the vehicle head unit. Such a result may reduce the cost of implementing the
techniques. The techniques may also reduce the number of user inputs required to perform
various tasks, such as opening an application on the computing device, which may simplify the
user experience and promote safe driving (e.g., by allowing the driver to concentrate on a driving
task instead of controlling the computing device).
It is noted that the techniques of this disclosure may be combined with any other suitable
technology or combination of technologies, including those listed as references below.
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